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AERODYNAMIC CHARACTERISTICS OF AYEMOMETER CUPS

By M., J. Brevoort and U. T, Joyner
SUMMARY

The static 1ift and drag forces on three hemispher-
ical and two conical cugs were nmeasured over a range of
anzles of attack from 0° to 180° and a range of Reynolds
Numbers from very small up to 400,000. The problem of
supporting the cup for measurenent and tue effect of tur-
bulence were also studied. The results are compared wita
those of other investigators.

INTRODUCTION

The liational Advisory Committee for Aeronantics, in
cooperation with the Weather Bureau, undertook the prob-
lem of determining the laws governing thae performance of
a cup anemouneter of the Xobinson type. The investigation
was intended to cover the charactericstics of individual
cups and of similar cups mounted on complete cup wheels.
This report treats the static tests run on the individual
CupPs.

The forces on hemispherical cups have already been
imeasured over a small range of Reynolds Number. The work
of Biffel (reference 1) was of a preliminary nature per-—
formed in connection with measurements on spheres. 3rad-
field's tests (reference 2) were part of an investigation
on complete cup wheels, no attempt having been made to de-
termine the effect of Reynolds iumber. Hansen's tests
(reference 3) were made on both open and closed hemispher-
ical cups at Reynolds Fumbers ranging from 130,000 to
430,000,

In view of the fact that in service the cups on a cup
wheel are subject to a very great rauge of velocities and
consldering the lack of satisfactory sgreement between
available data, it was cousidered dcesirable to extend and



2 N.A.C.A. Technical Note No. 489

repeat this work to determine the effect of Reynolds Num-
ber more completely.

A study was also made to determine the effect of
various supports in-several orientations with respect to
the cup.

APPARATUS AND METHODS

‘All the measurements presented in this report were
made in the model of the full-scale tunnel described in
reference 4. A special balance was constructed for meas-
uring the 1ift and drag on individual cups (fig. 1).
~Forces of the order of one gram could be measured accu-
rately. The maximum load on each arm was limited to about
one kilogram. Since the forceés on the 6-inch cup consid-
erably exceeded this 1limit at high velocities, a balance
arrangement (fig. 2), assembled for subsequent tests, was
utilized for the high-velocity part of the range.

The dimensions of the five cups used in this investi-
gation are given in the following table; the conical forms
are shown in figure 3.

+ Cup number - | | Shape ' = Outside diameter,
~ ' R inches
I " Hemisgpherical "'4.08‘
II anical , 4,56
Irl Hemispherical 2.03
v “Conical _ - 4.70
v Hemispherical - 6,00

A velocity survey was made with and without the cup
in the tunmel. 4 point was found above and in front of
the cup at which air speed could be measured without in-
terference from the cup and at which the true reading was
maintained throughout the speed range. A calibrated pitot
tube was used for measuring air steed. Owing to the lack
of sensitivity cf a pitot’ tube for 1ow Veloclty. & hot-
wire anemometer was used ia tnls range. For comparison,
the two ranges wore always made to overlap.
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RESULTS AND DISTUSSION

 The results for cup I at 0° angle of attack are pre-
sented in the table. Similar tables for the complete
range of ‘angle of attack for all five cups are available
upon request from the Natlonal Advisory Committee for Aero-
‘nautlcs.

- The*coeffidieﬁﬁs are defined as follows:

~ force downstream
q A

force cross strcam
q 4

Cy = Cp cos a + C1, sin «

R :Y_Q
v
where A is the cross—~sectional area of the open face

of the cup using outside dimensions.
V is the air speed
P, kinematic viscosity

D, the outside diameter of the open faae_of‘the
cup . =

a, the angle of attack measured as indicated in
figures 1 and 2.

The normal-force coefficient Cy 1is positive when
the normal force is in the direction of rotation of a cup
mounted on a cup wheel.

The results obtained for the five oups are shown in
figures 4 to 10. These curves are a result of cross-plot-
ting faired curves of the coefficients’ ‘againgt Reynolds '
Number. Each of the original curves of a éoefficient
against Reynolds Numben at a narticular angle of attack
was determined by passing a smooth curve through the great-
est number of about 20 points., It was thought undesirabdle
to assume beforehand any general form of oarve inasmuch as
no information is available that would allow the form of
curve to be predicted,
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Figures 4, 5, aud 6 azre cross-plots of the faired
curves of cups I, III, and V. They check the results of
Bradfield and Hansen (referonccs 2 and 3). A more direct
comparison at the same Reynolds Number is given in figure
11l. Bradfield has discussed the discontinuity occurring
at 45° angle of attack on the Cp curves. He found, on
gradually varying the angle, that around 45° angle of at-
tack the balaneés vibrated between two extremes. The points
before and after this angle definitely fall on two differ-
ent curves. The results presented here confirm Bradfield's
observations and also exhibit singular peints on the Cj

curves in the range of angles of attack from 90° to 120°.
The exact location of these singularities apparently de-
pends largely upon the Reynolds Number.

In the Cp curve near the 90° angle of attack a win-
imum occurs which may be due either to the minimum exposed
area or the highest effective Reynolds Number. Either fac-
tor would tend to lower the value of Cp.

At 180° angle of attack the value nof Cp 1is practi-
cally the same as that obtained for a sphere below the
critical Reynolds Yumber. Unfortunately, the maximum wind-
tunnel speed was not high enough to permit an investigatien-
above the critical REeynolds Numbers.

The conical cups (figs. 7, 8, 9, and 10) exhibit mumch
the same tendencies as the hemigspherical cups with the ex-
ception of cup II at 45° angle of attack for which the usu-
al discontinuity does not occur. Later tests will show
whether this property makes any material difference in the
performance of a cup wheel empleying %this cup form.

All the cups show more or less regular trends with
Reynolds Number for cerfain ranges of angle of attack.
For instance, in the 90  to 135 angle-of-attack range, a
definite increase in C; with increaso of Reynolds lNum-
ber occurs. In the 0° %o 60° range of angle of attack for
the Cp ' curves, there is again definite indication of tize
dependence of the coefficients on Reynolds Number; but the
relationships are not so simple as in the previous case,
as may be observed in the O (very small) Reynolds Number
curves, whiclh are uniformly high.

A series of tests were performed to determine the eof-
fect of the mounting on the forces on the anemomseter cups.
A 6-inch cup was used with a %~inch~diameter rod. TFiguare
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12 cives Cp and C3 against sngle-of-attack curves for
the types of mounting shown on the same figure. Thée des-
ignation "plain cup" refers to a cup mounted with the rod
extending from the bottom of the cup perpendicular to tae
open face of the cup. The rod is supported on the balance
in a horizontal plane 60° to the air stream. This -mount-
ing was maintained undisturbed throughout the tests on

the effect of mounting. In mounting 1 a rod was support-
ed horizontally and parallel to the face of the cup with
one end about 1/16 inch from the leading edge of the cup.,
Mounting 2 is the same as 1 except that the end of the

rod is brought to about 1/16 inch from the trailing edge
of the cup. In mounting 3, a rod is suprorted horizontally
across the center of the cup face about 1/16 inch in front
of the cup. In mounting 4, a rcd is supported through tlLe
center of the cup face extending to within 1/4 inch from
the tack of the cup. In mounting 5, a rod is clamped ver-
tically extending to 1/16 inch from the under side of the
cupe In mounting 5§, a rod is soldered horizontally across
the open face of the cup, and in mounting 7, a rod is sol-
dered vertically across the open face of the cup.

- .These mountings were chosen not oanly for their counec-
tion to 2 study of individual cups, but also for their
pearing on the effect of supports in a complete cup whe.l.
The plain-cup mounting is believed to bes without support
interference and this type of support has also been found
" satisfactory for drag measurements on spheres. '

. Mountings 1 and 2 correspond to the mountings used by
Bradfield and Hansen (references 2 and 3). The curves of
figure 12 show that a rod extending from the trailing edge
has little effect as compared with a rod extending frou
the leading e¢dge. The curves lead one to expect some dis~
crepancy between the present results using mounting 5 and
those of Bradfield and Hansen. The agreement of the re-
sults obtained using mounting 5 with those obtained using
plain-cup indicates that mounting 5 is reasonably free of
support interference. It is desirable to have the forces
free from support interference so that the angle-of-attack
range may be 0° to 180° instead of 0% to 360°,

Figure 11 gives a comparison of the results of thuis
investigation with those of Bradfiocld and Hansen. The re-
sults show fair agsreement except in the raage of 40° to
120° angle of attack where the method of mounting is impor-
tant, and in the range of 110° to 120° where the size of
cup has an effect not accounted for by Reynolds WJumber.
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In, order to determine the effect. of turbulence, a se-
ries of tests We.s made in whlch the normal turbulence of
Q.4 psrcenﬁ, ueasured by the method outlined in reference
5,‘wag varied up to 2.0 perce$t. Using for gq the aver-
age dynamic preosure at the position of the cup, no de- -
"pendence of the coefflcients on turbulence could be de= -
tected

Langley Memorlal Aeronautical Laboratory, :
! Watlcnal Advisory Committee for Aeronautics,
R Langle; Field, Va., November 13, 1933,
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